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Preface

I am indebted to Morris lBrauastein of Hughes Research l,aboratories for

many of the "black magic tricks" and generous discussions on this paper. The

methods described at , due to the efforts of M. Braunstein's group at Hughes

Resea•ch Lahoratories and D)r. J, W. lDavisson of NR L.

.A



Contents

1, ROUGH CUTTING 8

2. MECHANICAL POLISHING 9

3. HEAT TREATMENT 10

4. CHEMICALS POLISHING 11

5. CONCL.USION 1

6. OUT LIt4 E. OF PRtOCE1)UIU 13

P d p b

Prcdigpaebln



-4 !

Polishing Methods for KCI

The following is a descript;.on of the salient features of the polishing methods

uied hy AFCRI, for KCI, and is offered as a guide for polishing KCI where optical

flatness and parallelism are not critical. IExtensions of these techniques can be

suitably applied ÷o the problem of a finished window.

Ilistorically, the halide polishing problem began with the need for optical

materials for early inf. ared spectrescopic instruments such as prisms and optical

flats,. Here the early problems of polishing were not critical, as surface absorp-

tionl could not be easily (detucted in the early relatively impure materials. With

todays purer materials (such as RAP grown KCI) showing bulk absorption near

intrinsic values ( < 1•I X 10-4 clm I). surface absorption is more easily detected

and in many cases becomes the limiting factor in absorption coefficient measure-

ments. In particular, with the intended application of halide materials as laser

windows, the surface absorption has become a critical factor in the overall success

of window development.

At this point in time (fall, 1973) many schemes have been tried to achieve

super polihh of not only KCI but other soft materials as well.. There seems to be

a black magic still associated with optical polishing in general and with soft mater-

ials in particular. It appears that many false starts have occurred, ahi worse,

many unproven rumors have been initiated regarding what treatments can or cannot

be used to produce low absorption surfaces on KCI (and other soft window mater-

ials).

(Received for publication 6 March 1974)
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To dispel somie of theme thoughts, the following rernark in offered-, a gentle

treatmient is desirable with tiatie miaterials, Certain handling techniques can

indeed produce damiage at unreasonable depths in theme miaterialm which can be
best described as buliý daniage. Ihowever, it certain amiount of rough handling Vail
be tolerated. Thus it appears that cleaving KCI van produce a certain laniou. t of
damiage which exceeds say. a few rnicrons Iin depth, but this can be polished off in
normial polishink procedures.

There art, presently two pop~ular techniques for halidle window polimlhifiM, Thc
Ni rst is tile nli tihod used by 1. IDavismon of NH l, which is a chemicval polishing
mnethiod. shi5 however, does not provide rot the necessity of producing opticaaily
flat and parallel windows, B~asically the method producem the miost Olimage fret,
.,,-faceb as 'ir convevntitonal mierhanical polishing Is used. To produce at window

l)(lish, only water polishing and chendteal etching are ume(I, Thum, thle technique
is ill thiO Atriote,.1 senn(' at present utid(ovLloI)Od for optical wind~ows.

Thew second tech~niqiue ior polishing K('l is due to hlughies Remearchl I abora-
tories, Thids niethod is more refined and rApproxtimates contventional polishing
technilues, thuls allowing taibricatlon of optically flat and parallel windows. Biy
voi obining both m~ethods we ha.ve thle best of two worlds,

The following then is a description of thle enmibinevl miethods of 1)av issonl Und

Biraunstein.I.RUIIUIN
S3everal possibilities exist for cough cutting a window blank, To miention a

few, (lianiond saw, string Raw,* cleaving (if appropria~te or even at hacksaw Mlade.

Hughes has been using the string saw methond with a high degree of success, andI
this is the recommendud miethod, A (liamioni saw has been used at AI,'CR L, but

(iue to vibration problemis, this miethod is niot recommnended except when necessary.
When this miethod is used. it is revommnended that approxini-tely 0. 5 mmn of miater-
ial be rem~ovod from the cut (or cleaved) surface by water polishing.

After rough cutting, a rough polish may be placed on the sample. using a
m-inim-um ti natmeont on 600 grrit SIC. A long polishin~g tinme is again not recommnen-
(ted, This step is done gently to flatten the starting surfacees.

For com~pletenoss a few words on water polishing are appropriate. TI~e idea
behind watter polishing is conitrolled erosion of the 'naterial being polished, Water
polishing is normially performied on a kitten ear wheel (essentially a fine ve/lvflt)
using (ieionizeti water. F"or fast polishing, thb'- wheel is turned tit a tzAst speed and a
constant drip of water is necessary, The water drip should be tu'lly enough to allow
fresh water to freely damipen the wheel, Too m~uch water will cause a wedge to
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form or at best a very wavy surface. The final itages of water polishing are done
on a stationary wheel which is only rnod-rntely damp, The final step shou)d be a
quick rinse with absolute ethanol or drying off of the sample to "top etching by
any remaining water.

2, MECH:IAINICAL POLISH',IING(

Mechanical polinhihg of KCl is the most difficult step in the process of pro-
ducing an acceptable sample surface, In the following only guidelines can be met
up- experience is the boat .eacher, Several variations of the method described
have hben attempted, but the following has been the most successful,

The polishing wheel used at AFCR1L is cast iron with a diameter between five
and six time,% that of tht sample to he polished, A pad of kitten ear is used as a
cushtioi between the polishing cloth and the wheel. For optical polishing requiring
precision flatness and parallelism, the pad is not tised and a lapped wheal s re-
quired, (Hughes uses wheels to A / 10 flatness, )

The polishing .loth used Is v.Atton flannel. At first it would theem that a
smooth finish would preclude the use of flannel because of the nap, However. once
the wheel iN used a little, the nap will lie lown and daeR not hinder the final flat-
ness to any great extent. Ordinary white cotton flannel costing under a dollar a
yard is sufficient,

The polishing agent is Linde RI, 0. 05A A12 03 in absolute ethanol (the good
stlif), The solution i.* dilute as not very mluch Al 9O3 is required for mncst polish-
ing. As an added step in filtering !.inde 11, one can separate large particles by
makiti_ a moderate solution of Linde 13 in ethanol and allowing it to settle for a
few minutes. The smaller particles will remain in solution while the larger
heavier particles will precipitate to the bottom of the contair er. One can then
siphon off the supernatant and use this as the polishing solution,

The .actual polishing procedure is easy to describe hut does require patience
in developing the knaf-k of polishing such a soft material. The time involved in
polishing a typical saimple depends entirely on the smoothness of the stnrting
surface, but i minimum of about 15 min per side is rensonable,

The polishing technique is conventional using the above wheel and solution. At
F',CRL only surface quality is considered at this time so that the samples are

treated much like metallurgical samples and polished by hand, The extension to
precision optit al polishing is left to the reader,

The whee' is turned at approximately 50 to 60 rpm and initially kept damp but
not wet, The polishing solution is used on the wheel only once or twice during
polishing, absolute ethanol being used after that to keep the wheel damp, When
the sample has a reasonable finish, as Judged by flatness and scratch free
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appeatrance, the wheel is allowms1 to become nearly dry. An the whael dries out,

it will he noticed that the sample finish will become almost glass-like in appearance,
fleore this stage is roached the samples will cloud up when remtoved fromi the

wheel. If this happens the wheel is merely too darnp to finish, and a residue is left

as the- ffanpie dries. D~uring polishing, the prosaure applied to the sample should

not he too great. A noticeaaile drag fromn thý wheel should b felt, however, too

great a pressure will cause excessive damage, a texturing which to undemirnble s~d

finaly imbedd~ng ut' Al 09 p&'"na compound.

The degree of polish attainable is almost a question of practice. A few comn

mf, its onl the philosophy of this technique may be umeful. The use of cotton as a

lpolirhing cloth tit very important. (Cotton in %,pry soft and does not tend to scratch
the KCI in any stig.ificant way, Th) purposes of using small amnounts of Al 0
durini.' polishing is only somewhat obvious. (One of the features of using this dilute

Alolutirrin with a cotton cloth tis t'At the Al 09 will eventually become pressed Into

the polishingt cloth yieldinR " much Atnipier exposed cuttin,,-, edge. This meatis the

Arrat('hem ran he niu~,h smifller than . 0511 at the end of the polishing procedture. it
is also possible that continued use of the mame pol~shing nvatf~ria1 will eventually

wear these particles down f a smaller site tmuch like the super polish technique

I It ' of howl feeding. That this particular phenomnenon lakes place is noý clear sinre

K('l is o0 'soft.
At AV'('RI.. the sar ~ples are polished onl both sides at tine time. This is dcine

bY continually turning the sample ,,- duringr the mech".nical polishing. Also. th.4

sample is votated about its axis during polishing, givingr a net -like polish mark

structure, It is not clear that rotation is necossary, but during hand polishing It

prexvents a wedgie formation on one edge of the sample.

As a final comim, on this step several thirga should be noted: F'irst. thf.ý

sariple Is tnot washed after the final polisn. There should be no Hignificant Ali2 0 3
or the surface. with only a small amiount of buildlip (if any) ont the edges. Socond.

the determination of polish quality ait any statge i. not discussed here, OR this is a

matter of what i,. available, Nomarnki (phase Interference) mirroscopy is excel-

len', SEMI work isi also Rood - but the final judgement is again left up to the facility.

D~uring the pt lishina provedure. s small lie -No laser can be usedl to estimate the

rough polish by observing the deg~ree of light scattering.

Following the final mechanical polishing of KCl, a heat trtatment has been

shown to stabilize the sample surface. Th-? nature of the heat treatment Is trivial

but extremely effective. A few words on its "raison dletre".
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-* IMring floitial testing (io' ziptivally poiishc'd KCt at Ifughes itenearch I.Rbora-
torten, it was found that sarnples were fogging raplIdly 1petween poliphing anti
valoritnetriv nipasurenien's. Several niethncIm nf ninintl~re proofi1ng were attenipted
inchi~diflM rapidt potting in ('arbnolnl plastiv, 11 wan "'Oun~t that even With this mlethad
Of j)ji&~i~ £1 ertainj tUOE)Uflt or Ptlihing w~t,, prement oh~ remonval of tihe mmuiple
froin thle varholine. vie heaOt ikImp provern A hirlh follows wuo originally tried to
keel) thle sanplt, Attvfnve dtry t.erorpr ti~ Thle rviqult nf thist treatnitnt rseenis to

ja8VQte tile '4kU1'ttice1 1eent Without thle varbolitctir~ pr,,,vt ivv enottig. Ilv t~iming t hiK
heat treatinlert "ts a Ii' ,t step, total absorption crneffio'intm (it hKO sznipl~om MhAP
wrown) xirv coirtittitertly r~ttaiaab'.e in tile 'n.10' 4 c rn rAnge (without chemlical
Polishing). ý1 Addlitrin, tile sMR1ples thus Irented tire in facr. miore remistant to
moinsture Plitt Moginu 'han thosme which arr tintreateil, Aý-' ., 1inal ronwnint', it
sot nis thut ther heating, 1woct'ss hams ,orie lnme'ai ing effect whose kviat'le heha,'ior
is not wel itundersitood at t his timie.

The treatm~ent niavy be perffiried Li1 rone of two wnym, cither usinkg a sniall nven
or a heat lomip. At AVCR I. a heait laxip is xto-.ic but Huillies ý,opnrts 'hat thle Oven
niptinthd is vonvenient for iiore t han one ý'ftnlple and iIs eýquk t'y effectivp. Tilhe

oven mnethod im easiest to d(Nsvribet-the samiple is a way\A placedi in n Finr]l (Irv ovt
set at .50 to 60'C for a further period ni' tnot less than If" miin. If the r4Riiiple is ;.:t
to lie itubjir'ted to further prrjvessfnjg for' sonic tinie, it miay he lef~t there for several
(days. If potting in (lesirtel, tilt sanple is mierelv dipped while still warmi (hut not
hont) into *he selIf ( tiring, plast iv. Bly wvappintý a string around the mainple b~efore-
dipping. thle sampille nirlY he unseý.iod miuch like n packa~ge of vigarettext The
8111Ampl 0111 be. Storril for .Aevvral montihs In this protective voatinV without Revere
ctt'grr-iat ion, :

TIhe heat Iantil 1 n ci od if eq uaillv s i mple. T1'he sam ple is placed under a snir ll
250 'A refinrtor type, heat Ilamp. At AVC111,I this arrangemient is net up onl a ring
stanid, andi the samiple is .ift on a wntech glass to prevent rolling around ditrintY the
treatmlent. TIhe laninp Is4 set about 3 to 4 in. fr, itilhe an~pic, The samiple is
tumrt -,( a numibvr of tinies at first to prevrnt, uneven heating. When the treatmient is
donw' (after sonrethln.g lmore Ilin 15 in iin) it tnay be potted in thle samec fashion as
described ahove, IPlease note that (iippinLv a hont sample into a vold liquid will
fracture thle crystal.

Tlhe chemiical polishing niethodt ftescrihed bert, in rnerely a refinemient of that
ilevolopel by .,-.hn IDa-isson ait thle Naval Riesearch Laboratories. As desoribeti
hefore. cholicnitl polishinvg alone Is lnot a titvelorned technique for prnduc~ng



optically flat surfaces. Thus, it is used in conjunction with mechantval polishing
xo achieve this end.

While chemical polishing does produce a surface smoothness which appearm
quite good, neither the min flatness is known, nor hku the polishing time beeni
optimised. The principle feature of this polishing method is the darnage-free and
relatively passive surface it produces. Observe that one does pay for this, however,
mince this surface Is so inactive that filml adhesion bovcnn'es a serious problem.

The chemical pollshiLn technique is best Jeseribed in n mtep wise manner.

The material noeeded are,.

(1) Rteagent grade ltrl,

(2) Absolute ethanol,

(3) A glas8 squeeze bottle,

(4) Freon 11 liquid,
15) iour &Zlans or Olnzed beakers, and

(6) ifther platinum nr nickel wire.

All work should he done under a hood. Ttre solutions are set up In a line beginning
with the 11(', then two beakers of ethanol followed by a beaker of fresh freon 11.

The nickel wire (or P-t) is used to hnld the sampli, by merely wrapping it
around the mample like a piece of string. The sample is polished by placing it in
the IICI for from 20 sec to 1-1/2 min. The ýPmpi, iW ,ently agitated during titis

time to keep a constant flnw of 11(1 on the surfaces. This prevents orang3 peeling
tu somne ectent. After this acid dip the sample is quickly rinsed in the first ethanol
solution and is sprayed with ethanol on remn,val from this rinse. The sample is

tVen agair iuickly sloshed in the third beaker (ethenol) and finally the Ireon. 011
..emr-al, the sample should dry spotless and O.lear.

that the ethanol rinses should he ,hort but coanplet,-. The reason for this

is that ethannI will etch the iurface if allowed to remnain there. In addition, the
final freon rinse should be changed every sample. Spotting occurs if this is not

done.

Finally, the sample may be most eassti released if the wire is cut (assuming

nickel is used), The mample m-ay be potted or coated at this point.

5, (:()NCIJLUON

A practical description of polishing KCI has been described. The te•chniques
have been riroven in at least two separate labor~tories as producing gr--'d quality

optical firishes with low surface absorption.
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• •; The methods described are presented as guiddelines for those laboratories
involved in halide technology and reflect only the present state of the art. Actual

hands-on technique is required as polishing is still an art more than a science and

requires practice, patience and skill (and sometimes a little black magic).

6. OUTLINE OF PROCEDURE

a. Rough Cutting

String saw recommended. Flat surfaces are desirable before mechanical
polish. Can use 600 SiC (or finer) if needed.

b. Mechanical Polish

Small wheel with cotton flannel cloth.
A12 0 3 in absolute ethanol (Linde B - 0.0511) dilute solution.

Wheel turned - 50-60 rpm.
Add Al 203 only oncc or twice then ethanol to keep wheel damp.

Final polish on nearly dry wheel - don't rinse.
[USF ONLY GL7MTT='fAINERS ]?U-TRHING SOLUTIONS

AND ETHANOL.]
c. Heat Treatment

(Recommended for all samples whether chemically .polished or not.)
Heat lamp or oven fo•r at least 15 minutes at 50 to 600C.

d. Chemical Polish'ng

(1) Glass beakerk' under hood

(a) Reagent (concentrated) HC1,
(b) Absolute ethanol,
(c) Ab.olute ethanol,
(d) Freon 11 (liquid) fresh for each sample.

Use Ni or Pt wire t:) hold sample.

Note: Be sure sample is cool before starting.

(1) Dip in beaker 1 for from 30 seconds to 1-1/2 minutes.

Polycrystalline samples 30 seconds or less to prevent grain
boundary etching; single crystal as above.

(2) Quick but thorough rinse beaker 2 followed by spray ethanol.

(3) Second quick ethanol rinse beaker 3.

(4) Thorough rinse in freon (beaker 4).
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